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(57) ABSTRACT

A curable perfluoropolyether based gel composition is pro-
vided comprising (A) a linear fluorinated polymer containing
at least two alkenyl groups, (B) a polyfluoromonoalkenyl
compound containing one alkenyl group and having a per-
fluoropolyether structure in its backbone, (C) a cyclic orga-
nohydrogenpolysiloxane having at least two silicon-bonded
hydrogen atoms and at least one perfluoroalkyl group or
perfluoropolyether structure-containing group, and (D) a
hydrosilylation reaction catalyst. The composition cures into
a gel having improved acid resistance as well as heat resis-
tance, solvent resistance, chemical resistance, weatherability,
parting property, and water/oil repellency.
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CURABLE PERFLUOROPOLYETHER BASED
GEL COMPOSITION AND GEL PRODUCT
USING CURED COMPOSITION

CROSS-REFERENCE TO RELATED
APPLICATION

This non-provisional application claims priority under 35
U.S.C. §119(a) on Patent Application No. 2014-074342 filed
in Japan on Mar. 31, 2014, the entire contents of which are
hereby incorporated by reference.

TECHNICAL FIELD

This invention relates to a curable perfluoropolyether
based gel composition which cures into a gel having heat
resistance, solvent resistance, chemical resistance, and
improved acid resistance, and a gel product using the cured
composition.

BACKGROUND ART

In the prior art, Patent Document 1 discloses a perfluo-
ropolyether based gel composition comprising a linear per-
fluoropolyether compound containing at least two alkenyl
groups per molecule and having a perfluoropolyether struc-
ture in its backbone, a linear perfluoropolyether compound
containing one alkenyl group per molecule and having a
perfluoropolyether structure in its backbone, an organosili-
con compound having at least two hydrosilyl groups per
molecule, and a hydrosilylation reaction catalyst. The com-
position cures into a gel having a good profile of heat resis-
tance, chemical resistance, solvent resistance, water/oil repel-
lency, and weatherability.

This perfluoropolyether based gel composition performs
well in most applications. However, in some applications
including sealing agents for use in semiconductor fabrication
equipment, sealing and potting agents for use with engine oil,
sealing and potting agents for use in engine exhaust system
parts, not only chemical resistance, but also acid resistance is
needed.

Patent Document 2 describes a polymer having a terminal
structure in the form of [aromatic ring-silicon atom-vinyl
group] structure. The polymer is fast curable owing to the
[silicon atom-vinyl group] structure, the bond site between
aromatic ring and silicon atom is known to be vulnerable to
acid. On the other hand, polymers whose terminal structure is
free of [aromatic ring-silicon atom-vinyl group] structure, for
example, a polymer having a terminal structure in the form of
[aromatic ring-alkylene group-vinyl group] structure and a
polymer having a terminal structure in the form of [amide
group having aromatic ring substituent group on side chain-
alkylene group-vinyl group] structure (see Patent Documents
3 and 4) have good acid resistance, but lack fast cure. In terms
of acid resistance, the polymers whose terminal structure is
free of [aromatic ring-silicon atom-vinyl group] structure are
good in resistance to sulfuric acid, but short in resistance to
nitric acid. Since the engine exhaust system parts mentioned
above are exposed to not only SOx, but also NOx in the
exhaust gases, they must have high nitric acid resistance. It is
thus desired to have a perfluoropolyether based gel composi-
tion having a good profile of oil resistance, chemical resis-
tance, and acid resistance, specifically resistance to both sul-
furic acid and nitric acid.
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CITATION LIST

Patent Document 1: JP-A H11-116685 (U.S. Pat. No.
6,040,400)

Patent Document 2: JP-A HO8-199070

Patent Document 3: JP-A 2012-102187

Patent Document 4: JP-A 2012-021074 (U.S. Pat. No.
8,492,478, EP 2407500)

DISCLOSURE OF INVENTION

An object of the invention is to provide a perfluoropoly-
ether based gel composition which cures into a gel having
heat resistance, solvent resistance, chemical resistance,
weatherability, parting property, water/oil repellency, and in
particular, improved acid resistance, specifically nitric acid
resistance, and a gel product comprising the cured composi-
tion.

Making efforts to overcome the shortcomings of prior art
perfluoropolyether based gel compositions, the inventors
have reached a perfluoropolyether based gel composition
comprising components (A) to (D) defined below.

In one aspect, the invention provides a curable perfluo-
ropolyether based gel composition comprising

(A) a linear fluorinated polymer containing at least two
alkenyl groups per molecule, represented by the formula (1):

wherein R! is each independently vinyl or C,-C, alkyl, R? is
each independently C, -C, alkylene, R> is each independently
hydrogen or optionally fluorinated C,-C, alkyl, and Rf* is a
perfluoroalkylene group or divalent perfluoropolyether struc-
ture-containing group,

(B) a polyfluoromonoalkenyl compound containing one
alkenyl group per molecule and having a perfluoropolyether
structure in its backbone,

(C) a cyclic organohydrogenpolysiloxane having at least
two silicon-bonded hydrogen atoms and at least one perfluo-
roalkyl group or perfluoropolyether structure-containing
group per molecule, represented by the formula (2):

@

= —n—

TN
2 =i
e}

~—]

wherein Rf? is a perfluoroalkyl group or monovalent perfluo-
ropolyether structure-containing group, R* is each indepen-
dently a C,-C,, monovalent hydrocarbon group, R’ is a
C,-C,, divalent hydrocarbon group which may contain an
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ether bond, amide bond, carbonyl bond, silyl radical or ester
bond, k is an integer of 2to 4, 1 is an integer of 1 to 3, and k+1
is 5, and

(D) a hydrosilylation reaction catalyst.

In a preferred embodiment, component (C) is a hydrogen-
polysiloxane of the following formula:

CH; CH;

| |
}II (CHZ)Z—?i N—ﬁ—CIF—O~(CF2—?F~)'F
(SiO)4—$iO CH; O CFs CFs/
éH3 CH;
wherein L is an integer of 1 to 200.

In a preferred embodiment, the gel composition may fur-
ther comprise (E) at least one perfluoropolyether compound
selected from the general formulae (3) to (5):

A-O—(CF,—CF,—CF,—0) 7 A (3)
wherein A is a group: CF,_,,—, d is an integer of 1 to 500, e
is an integer of 1 to 3,

A-O—(CFy—0),—(CFy—CF,—0);-A (4)

wherein A is as defined above, fand h each are an integer of
1 to 300,

5
A—O0—(CF,—0);— (CF—CF,—O)— A ®

CF;

wherein A is as defined above, i and j each are an integer of 1
to 300.

In a preferred embodiment, the gel composition is cured
into a gel mass having a penetration of 1 to 200 according to
JISK 2220 or ASTM D-1403.

In a preferred embodiment, the composition is cured into a
gel mass that shows a residual solid content of at least 90% by
weight after it is immersed in conc. sulfuric acid (98%) at 40°
C. for 1,000 hours, and a penetration change of up to 25 after
it is immersed in conc. nitric acid (60%) at 40° C. for 2,000
hours.

The invention also provides a gel product comprising a
cured mass of the curable perfluoropolyether based gel com-
position defined above. The gel product is suited for use in
automobiles, chemical plants, inkjet printers, semiconductor
fabrication lines, analyzers, scientific instruments, medical
instruments, aircraft, or fuel cells.

Advantageous Effects of Invention

The perfluoropolyether based gel composition of the
invention cures into a gel (or cured mass) having heat resis-
tance, solvent resistance, chemical resistance, weatherability,
parting property, water/oil repellency, and in particular,
improved acid resistance. A gel product comprising a cured
mass of the composition is suited for use in automobiles,
chemical plants, inkjet printers, semiconductor fabrication
lines, analyzers, scientific instruments, medical instruments,
aircraft, and fuel cells.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The notation (Cn-Cm) means a group containing from n to
m carbon atoms per group. Me stands for methyl, Ph for
phenyl, Ph' for phenylene, and Ar for aromatic ring.
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Briefly, the curable perfluoropolyether based gel composi-
tion is defined as comprising

(A) a linear fluorinated polymer containing at least two
alkenyl groups per molecule, represented by formula (1),

(B) a polyfluoromonoalkenyl compound containing one
alkenyl group per molecule and having a perfluoropolyether
structure in its backbone,

(C) a cyclic organohydrogenpolysiloxane having at least
two silicon-bonded hydrogen atoms and at least one perfluo-
roalkyl group or perfluoropolyether structure-containing
group per molecule, represented by formula (2), and

(D) a hydrosilylation reaction catalyst.

Component A

Component (A) is a linear fluorinated polymer containing
atleast two alkenyl groups per molecule and having a specific
terminal structure which has a silicon atom-vinyl bond [Si-
vinyl], but not an aromatic ring-silicon atom bond [ Ar—Si],
represented by the formula (1).

M

| o |
CH2=CH—?i—R2—N—C—Rf1—C—N—Rz—?i—CH=CH2

R? R3 RIR!

R} R?

R} R?

Herein R* is each independently vinyl or C,-C, alkyl, R? is
each independently C, -C, alkylene, R? is each independently
hydrogen or optionally fluorinated C,-C, alkyl, and Rf" is a
perfluoroalkylene group or divalent perfluoropolyether struc-
ture-containing group.

In formula (1), R* is each independently vinyl or C,-C,
alkyl. Suitable C,-C, alkyl groups include methyl, ethyl, pro-
pyl, and butyl. Preferably R' is vinyl or methyl. R? is each
independently a C,-Cq, preferably C;-C alkylene group,
examples of which include methylene, ethylene, propylene
(trimethylene or methylethylene), butylene (tetramethylene
or methylpropylene) and hexamethylene. R? is preferably
ethylene or trimethylene. R? is each independently hydrogen
or an optionally fluorinated C,-C, alkyl group. Suitable
C,-C, alkyl groups are as exemplified above for R'.

Rf* is a perfluoroalkylene group or divalent perfluoropoly-
ether structure-containing group. The divalent perfluoropoly-
ether structure-containing group is typically a linear or
branched perfluoroalkylene group of 2 to 10 carbon atoms,
preferably 2 to 6 carbon atoms. The divalent perfluoropoly-
ether structure-containing group contains a multiplicity of
repeating units of the formula:

4CgF2g T

wherein g is an integer of 1 to 6, and is represented, for
example, by the formula (6):

—(CeF>0),— Q)

wherein g is an integer of 1 to 6, and x is an integer of 20 to
600, preferably 30 to 400, and more preferably 30 to 200.

Examples of the repeating unit: —C_F, O— are shown
below.

—CF,0—

—CF,CF,0—

—CF,CF,CF,0—

—CF(CF;)CF,0—
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— CF,CF,CF,CF,0—
—CF,CF,CF,CF,CF,CF,0—
—C(CF,),0—

Of'these, units of the formula: —CF,0—, —CF,CF,0—,
—CF,CF,CF,0—, and —CF(CF;)CF,0— are preferred.

The divalent perfluoropolyether structure-containing
group may be composed of repeating units of one type or a
combination of two or more types.

Preferably the divalent perfluoropolyether structure-con-

w

6

-continued

——CF,CF,0CF, —(CFOCF,);—(CFy),— (CFZO?F),—CFZOCFZCFZ—
|

CF3 CF;

Herein, s, t and u are integers in the range: s=0, t=0, O<s+
t=200, especially 2=<s+t<150, and O=u=6.

taining group contains a structure selected from structures of 10 —CF—~0CF,— CF—0—C,F40—CF—CF,0~—CF—
the following formulae (7) to (9). | | |
CF; CF; ) CF;s CF;
(n=1to100,m=1to 100, n + m = 2 to 200)
U] OCF —CF—>—O CoF O?—(»CF—CF o)—
_(TFOCFZ)I,—(CFZ),—(CFZOCF)q— s ‘(‘ 2 —t Gk 5
Y Y
(m=1to0 100, m=1to 100, n + m = 2 to 200)
In formula (7), Y is fluorine or trifluoromethyl, p, q and r are — CoFy—~OCF;— CFy—0—CoF40— CF — CF,0y—CoFy—
integers in the range: p=0, =0, 0=p+q=<200, especially 2=<p+ | |
. ik 20 CF; CF;
q=150, and O=r=6, exclusive of p=q=r=0. n m
(m=1to0 100, m=1to 100, n + m = 2 to 200)
—— CF,0—£C,F409—CF,—
® (n =2 to 200)
—CF—(OTFCFZ)V—(OCFz)W—OCF— 25 ——CF, —0—CF,CF, 3~ OCF; 57—0—CF,—
Y Y Y (n=1t0100,m =1to 100,n +m = 2 to 200)
——CF,—0—CFCF, OCF,—0—CF,—
In formula (8), Y is fluorine or triffuoromethyl, each of v and éF :
w is an integer of 1 to 20. "
30 (n=1to 100, m=1to 100, n + m = 2 to 200)
—CF,CF,—(OCF,CF,CF,),—OCF,CF,— ) —— CF,CF,—¢ OCF,CF,CF,— OCF,CF,—
In formula (9), z is an integer of 1 to 100. (n=1to 200)
Examples of Rf* in formula (1) are shown below.
35 Herein, m, n and m+n are integers in the ranges specified
— CFe— — — above.
C4Fg CeF12 . .
Preferred examples of the linear fluorinated polymer hav-
ing formula (1) are shown below.
CH3 i CH3
CHZ—CH—Sl F—C—N— (CH,);—Si—CH==CH,

CH3

CH3

I
(CHy);—N— c—c1:4ioc1:2c1:<]—oc1:2c1:2 TCFCFZO]—

I I
CHZ—CH—Sl—(CHZ)g—N C—CFTOCFZCFTOCFZCFZ—OTCFCFZO]—CF—C—N—(CH2)3—Sl—CH—CH2

I
CHZ—CH—Sl—(CHZ)g—N C—CFTOCFZCFTOCFZCFZ—OTCFCFZOT

<5

CH3

CH3

Il
F—C—N—(CHz)g—Sl—CH—CHZ

A
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-continued

CH3

CHZ—CH—Sl—(CH2)3—N

Hereinm is an integer of 1 to 100, nis an integer of 1 to 100,
and m+n is an integer of 2 to 200.

The linear fluorinated polymer having formula (1) should
preferably have a weight average molecular weight (Mw) of
10,000 to 100,000, more preferably 10,000 to 50,000, as
measured by gel permeation chromatography (GPC) versus
polystyrene standards. A polymer with Mw of less than
10,000 may considerably swell in gasoline and various sol-
vents. In particular, a member having a swelling index in
gasoline of more than 6% may be unsatisfactory when it must
be gasoline resistant. A polymer with Mw in excess of 100,
000 may be too viscous to work.

It is desirable to adjust the Mw of the linear fluorinated
polymer having formula (1) to the desired value for the
intended application. To this end, a linear perfluoropolyether
compound may be subjected to hydrosilylation reaction with
an organosilicon compound having two hydrosilyl groups
(i.e., SiH groups) in the molecule in a customary manner and
conditions, obtaining a product with extended chain, which is
ready for use as component (A).

The linear fluorinated polymer as component (A) may be
used alone or in admixture of two or more.

Component B

Component (B) is a polyfluoromonoalkenyl compound
containing one alkenyl group per molecule and having a
perfluoropolyether structure in its backbone. Preferably it is a
polyfluoromonoalkenyl compound having the following for-
mula (10).

Rff—(X')—CH=CH, (10)

In formula (10), X'is —CH,—, —OCH,—, —CH,OCH,—,
or —CO—NR®*—Y'— Y'is —CH,—, an o-, m- or p-dim-
ethylsilylphenylene group of the structural formula (Z'), or a
group of the structural formula (Z"), shown below.

@)

CH;
OH-
\ / |
CH;

Z"
CH;

—CH, —CH,—CH, —S§i—

CH;

R® is hydrogen, methyl, phenyl or allyl. Rf® is a monovalent
perfluoropolyether structure-containing group of the follow-
ing formula:

(CF2.0),—

wherein a is an integer of 1 to 6, and y is an integer of 20 to
600, preferably 30 to 400, and more preferably 30 to 200. The
subscript cis O or 1.

I
C—CFTOCFZCFTOCFZCFZ TCFCFZOT
CH2 @
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CH3

Il
F—C—N—(CHy);—

@ CHZ

Examples of Rf* in formula (10) are shown below.

—CH=CH,

CaF 21— 0—F CFy—CFy— 03—~ CF,—

CaiFagi—0 TF—CFZ—O TF—
CFs | CFs

¥

CarFaars—0— CF— CFy— CF,— 0 95CF,—CFy—
F TF—CFZ—O TF—
CF; CF;
2
F~<~TF—CFZ—O>—CFZ—CF2
CF; /s
CaF2g41——0—¢t CFy—CFy— 0957+ CFy— 05— CF—

Herein al is an integer of 1 to 8, y1 is an integer of 0 to 100,
y2 is an integer of 1 to 100, y3 is an integer of 0 to 100, and
y1+y3 is an integer of 0 to 100.

Examples of the polyfluoromonoalkenyl compound hav-
ing formula (10) are shown below.

F‘(TF—CFZ—OTC'F—CH=CH2
CF; , CFs

¥

F TF—CFZ—O ClF—CHZOCHZCH=CH2
CF; CF;s
32

F~<CF—CFZ—O ClF—C—N—CHZCH=CH2

CF; CF; O H
F F—CFZ—O F—ﬁ— —CH,CH=CH,
O@

}|I CH;
F ?F—CFZ—O C|F_ﬁ_N Ti_CH=CH2

CF3 CF; O CH;3

2
CH; CH;

[
?i—CH=CH2

|
F ?F—CFZ—O ?F—ﬁ—N
CF; CF; O
2

CH;
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-continued
CH;

I
F~(?F—CFZ—OTCF—C—N—CHZ—CHZ—CHZ—?i—CH=CH2
2

|l
CF;3 J, CEs O CH;

Herein y2 is an integer of 1 to 100.

In the perfluoropolyether based gel composition, the poly-
fluoromonoalkenyl compound having formula (10) as com-
ponent (B) is preferably blended in an amount of 1 to 300
parts by weight, more preferably 1 to 150 parts by weight per
100 parts by weight of the linear fluorinated polymer as
component (A). With less than 1 pbw of component (B), the
cured composition may have a higher crosslinking density,
becoming a rubber-like cured mass rather than gel mass. With
more than 300 pbw of component (B), the cured composition
may have a lower crosslinking density, becoming a liquid
rather than gel mass.

Component C

Component (C) is a cyclic organohydrogenpolysiloxane
having at least two silicon-bonded hydrogen atoms and at
least one perfluoroalkyl group or perfluoropolyether struc-
ture-containing group per molecule, represented by the fol-
lowing formula (2). Component (C) functions as a crosslinker
and chain extender for component (A). It is recommended
from the standpoints of compatibility with and dispersion in
components (A) and (B) and cured uniformity, to use an
organohydrogenpolysiloxane containing per molecule at
least one monovalent fluorinated organic group which is a
perfluoroalkyl group or monovalent perfluoropolyether struc-
ture-containing group.

Ry
?iO ?iO

4 4
LA R 1

In formula (2), Rf* is a perfluoroalkyl group or monovalent
perfluoropolyether structure-containing group, R* is each
independently a C,-C,, monovalent hydrocarbon group, R is
a C,-C,, divalent hydrocarbon group which may contain an
ether bond, amide bond, carbonyl bond, silyl radical or ester
bond, k is an integer of 2 to 4, preferably 3 or 4, 1 is an integer
of'1 to 3, preferably 1 or 2, and k+1 is 5.

In formula (2), Rf? is a perfluoroalkyl group or monovalent
perfluoropolyether structure-containing group, examples of
which include:

perfluoroalkyl groups of the formula:

@

CbF2b+ J

wherein b is an integer of 1 to 20, preferably 2 to 10, and
monovalent  perfluoropolyether  structure-containing
groups of the formula:

F TF—CFZ—O TF—
CF;3 CF;3
L
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-continued
F TF—CFZ—O CF,—CF,—
CF;
L

wherein L is an integer of 1 to 200, preferably 2 to 100.

In formula (2), R* is a C,-C,,, preferably C,-C,, monova-
lent hydrocarbon group. Suitable substituted or unsubstituted
monovalent hydrocarbon groups include alkyl groups such as
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl,
pentyl, hexyl, octyl and decyl, cycloalkyl groups such as
cyclopentyl, cyclohexyl and cycloheptyl, alkenyl groups such
as vinyl, allyl, propenyl, isopropenyl, butenyl and hexenyl,
aryl groups such as phenyl, tolyl, xylyl, and naphthyl, aralkyl
groups such as benzyl, phenylethyl and phenylpropyl, and
substituted forms of the foregoing in which some hydrogen
atoms are substituted by chlorine, cyano or the like, such as
chloromethyl, chloropropyl and cyanoethyl. Those hydrocar-
bon groups free of aliphatic unsaturation are preferred.

R’ is a divalent linker, specifically C,-C,, divalent hydro-
carbon group which may contain an ether bond, amide bond,
carbonyl bond, silyl radical or ester bond. Suitable linkers
include alkylene groups, arylene groups, and combinations
thereof, which may be separated by at least one ether bond
oxygen atom (—O—), amide bond (—NRCO—), carbonyl
bond (—CO—), or ester bond (—COO—), while linkers of 2
to 12 carbon atoms are preferred. In the amide bond
(—NRCO—), R is hydrogen, C,-C, alkyl or phenyl.
Examples of R” are shown below.

—CH,CH,—

—CH,CH,CH,—

—CH,CH,CH,—O—CH,—

—CH,CH,CH,—NH—CO—

—CH,CH,CH,—N(Ph)-CO—

—CH,CH,—Si(CH,),—CH,CH,CH,—N(Ph)-CO—

—CH,CH,—Si(CH,),-Ph'-N(CH;)—CO—

—CH,CH,CH,—N(CH,)>—CO—

—CH,CH,CH,—N(CH,CH;)—CO—

—CH,CH,CH,—N(CH(CH,),)—CO—

—CH,CH,CH,—N(C(CH,);)—CO—

—CH,CH,CH,—0—CO—

Of these, —CH,CH,—Si(CH,),-Ph'-N(CH;)—CO— is
most preferred.

Itis critical that the organosilicon compound as component
(C) be cyclic and have 5 silicon atoms. This structure contrib-
utes to resistance to acid (conc. sulfuric acid and conc. nitric
acid), especially resistance to nitric acid.

Suitable organosilicon compounds include cyclic siloxane
structure-bearing organosilicon compounds shown by the
following formulae. The organosilicon compounds may be
used alone or in admixture.

N—C—CFOCF,CFOC5F,

H (CH)3 CF3

(SiO)4—TiO
|
CH; CH;

CF;
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-continued

N—C—CFOC;F;

H (CHy);  CF3

|
H CH, CF; CFs

CH; O

N—C—CFOCF,CFOC;F,

H CH; (CH);  CF;  CFs
(i10)4—Sio—éio
e
CH—CqgF13
CH,—C4F 13 CH,

H CH, H CH,
(i10)4—éio (LiOM—iiO
EYekes

CH; O

N—C—CFOCF,CFOCF,CFO— C;F;

i1 (CHy; CF; CF; CFs

e}

N—C—CFO—C5F;

i1 (CH,);  CFs
(5i0)4— (SiO)
’7 éH3 CH; _‘

CH; ﬁ

N—C—C5Fys
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-continued
CH,CH;

0
N—C—CFOCF,CFO—C;F;

(CHy)s3 CF3 CF3

CH;

NC—Rf

F—(CFCF,0),—CF—— n=24
CF3 CF3
L
N—C—Rf

F— (CFCF,0),—CF——  1=50
CFs CFs
(CHz)z
CH O

N—C—CFOCF,CFOC5F,

CF; CF;

N—C—CFOCF,CFOCF,CFOC;F;

|
CF; CF; CF;

As component (C), those compounds of the following for-
mula are most preferred.

H

(CH),—Si
1

CH; CH;

|
N—ﬁ—?FTO—CFZ—?FTF
3 CFs/,

(SiO)4—?iO CH; O CF
I
CH; CI

Herein L is as defined above.

Component (C) is used in an effective amount for curing of
components (A) and (B), preferably an amount to provide 0.2
to 2 moles, more preferably 0.5 to 1.5 moles of hydrosilyl
(SiH) groups in component (C) per mole of alkenyl groups in
components (A) and (B) combined. If less hydrosilyl (SiH)
groups are available, then the degree of crosslinking is insuf-
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ficient, resulting in undercure. With too much hydrosilyl
groups, expansion may occur during the curing step.
Component D

Component (D) is a hydrosilylation reaction catalyst. It
promotes addition reaction between alkenyl groups in com-
ponents (A) and (B) and hydrosilyl groups in component (C).
The hydrosilylation catalysts are generally noble metal com-
pounds, which are expensive. Of these, platinum and plati-
num compounds are often used because they are relatively
readily available.

Suitable platinum compounds include chloroplatinic acid,
complexes of chloroplatinic acid with olefins such as ethyl-
ene, complexes of chloroplatinic acid with alcohols and
vinylsiloxanes, and metallic platinum on silica, alumina and
carbon carriers. Suitable platinum group metal catalysts other
than the platinum compounds include rhodium, ruthenium,
iridium and palladium compounds, such as, for example,
RhCI(PPh;);, RhCI(CO)(PPh,),, Rus(CO),,, IrCI(CO)
(PPh,),, and Pd(PPh,),.

The hydrosilylation catalyst may be used in any desired
amount, typically a catalytic amount. Usually, the catalyst is
used in such an amount as to give 0.1 to 100 ppm of platinum
group metal based on the total weight of components (A), (B),
(C) and (E).

Component E

Component (F) is at least one perfluoropolyether com-

pound which is selected from the general formulae (3) to (5):

A-O—(CF,—CF,—CF,—0),A 3)

wherein A is a group: C,F,_,,—, d is an integer of 1 to 500, e
is an integer of 1 to 3,

A-O—(CF,—0)~(CF,—CF,—0),-A 4

wherein A is as defined above, fand h each are an integer of
1 to 300,

5
A—O—(CF,—0);— (CF—CF,—0),— A ®

CF;

wherein A is as defined above, i and j each are an integer of 1
to 300.

Although the perfluoropolyether compound (E) is
optional, component (E) is effective for endowing the com-
position with chemical resistance, solvent resistance and low-
temperature properties without detracting from physical
properties. Particularly when component (E) is blended in a
perfluoropolyether based gel composition, improvements in
low-temperature properties such as a lowering of glass tran-
sition temperature are achieved.

Component (F) is preferably blended in an amount of 0 to
300 parts, more preferably 10 to 270 parts, and even more
preferably 50 to 250 parts by weight per 100 parts by weight
of components (A) and (B) combined. If component (E) is in
excess of 300 pbw, it may bleed out of the cured gel with the
lapse of time. Component (E) may be used alone or in admix-
ture of two or more.

Other Components

In addition to components (A) to (E) defined above, any of
prior art well-known additives may be added to the compo-
sition as long as the benefits of the invention are not impaired.
One typical additive is a regulator for the hydrosilylation
reaction catalyst. Suitable regulators include acetylene alco-
hols such as 1-ethynyl-1-hydroxycyclohexane, 3-methyl-1-
butyn-3-o0l, 3,5-dimethyl-1-hexyn-3-0l, 3-methyl-1-pentyn-
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3-0l, and phenyl butynol, 3-methyl-3-penten-1-yne, 3,5-
dimethyl-3-hexen-1-yne, cyclic polymethylvinylsiloxane
compounds, and organophosphorus compounds. The addi-
tion of such a regulator ensures a good compromise between
curing reactivity and storage stability.

Another additive is an inorganic filler. Suitable fillers
include powdered metal oxides such as iron oxide, zinc oxide,
titanium oxide, and alumina as well as calcium carbonate,
magnesium carbonate, zinc carbonate, carbon black, fumed
silica, wet silica, ground silica, and diatomaceous earth. By
adding the filler to the composition, the hardness and
mechanical strength of the cured composition may be
adjusted. Besides, ion exchange resins such as hydrotalcite,
hollow inorganic fillers, and rubbery spherical fillers are also
useful.

These optional components may be added in any desired
amounts as long as the benefits of the invention are not
impaired.

Cured Mass

The perfluoropolyether based gel composition may be
cured into a gel mass (known as perfluoropolyether gel)
which has heat resistance, chemical resistance, solvent resis-
tance, water/oil repellency, weatherability, and in particular,
improved acid resistance so that it may find use in a variety of
applications.

Specifically the perfluoropolyether based gel composition
is formulated by blending 100 parts by weight of component
(A) with 1 to 300 parts by weight of component (B), an
amount of component (C) to provide 0.2 to 2 moles of
hydrosilyl (SiH) groups per mole of alkenyl groups in com-
ponents (A) and (B) combined, and an amount of component
(D) to provide 0.1 to 100 ppm of platinum based on the total
weight of components (A), (B), (C) and (E). It is optional to
add 0 to 300 parts by weight of component (E) per 100 parts
by weight of components (A) and (B) combined for the pur-
pose of lowering the glass transition temperature.

The composition is applied by any well-known techniques,
for example, cast into a suitable mold, coated onto a suitable
substrate, or laminated before the composition is cured into a
gel mass. Usually the composition may be cured simply by
heat treatment at a temperature of 60 to 150° C. for about 30
to 180 minutes.

The cured gel mass is typically a gel material having a
penetration of 1 to 200 as measured by the consistency test
method (¥4 cone) according to JIS K 2220 (or ASTM D-1403)
and a glass transition temperature of —=50° C. or lower.

A gel product comprising the cured gel mass is suited for
use in automobiles, chemical plants, inkjet printers, semicon-
ductor fabrication lines, analyzers, scientific instruments,
medical instruments, aircraft, fuel cells, and the like.

Specifically, the gel product comprising the cured gel mass
is suited for use as automobile parts, chemical plant parts,
inkjet printer parts, semiconductor fabrication line parts, ana-
lyzer parts, scientific instrument parts, medical instrument
parts, moisture-proof coatings for electric and electronic
components, sensor potting agents, fuel cell sealants, and the
like. More specifically, when the gel product is used as coat-
ings for electric and electronic components and sensor pot-
ting agents, it is advantageously used in gas pressure sensors,
hydraulic pressure sensors, temperature sensors, moisture
sensors, rotation sensors, G sensors, timing sensors, air flow
meters, electronic circuits, semiconductor modules, and vari-
ous control units.

When the cured mass is used as potting agents, coating
agents or the like, any well-known primers may be used in
combination for improving the adhesion or bond of the cured
mass to the substrate. Since the primer layer prevents pen-
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etration of chemicals or solvents through the substrate inter-
face, the part as a whole is improved in acid resistance,
chemical resistance and solvent resistance. Suitable primers
include silane based primers, typically silane coupling agent
based primers, organohydrogenpolysiloxane based primers,
synthetic rubber based primers, acrylic resin based primers,
urethane resin based primers, and epoxy resin based primers.
In a preferred embodiment, the cured mass of the curable
perfluoropolyether based gel composition shows a residual
solid content of at least 90% by weight after it is immersed in
conc. sulfuric acid (98%) at 40° C. for 1,000 hours, and the
mass shows a penetration change of up to 25 after it is
immersed in conc. nitric acid (60%) at 40° C. for 2,000 hours.
If the residual solid content is less than 90%, long-term reli-
ability may be lost as demonstrated by leakage through the
sealed portion and corrosion of the protected substrates or
electric/electronic parts. If the penetration change is more
than 25, reliability may be lost as demonstrated by leakage
through the sealed portion due to peeling from the substrate,
and malfunction of the protected electric/electronic parts.

CH;

| I
CH2=CH—Ti—(CH2)3_N_C—(|jF OCF,CF OCF,CF,—O CFCF20
|
CH; CF3 CF3

CH;
CH,=—=CH—S§i

CH;
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The acid resistance effect demonstrated by a residual solid
content of at least 90% after conc. sulfuric acid immersion
and a penetration change of up to 25 after conc. nitric acid
immersion is achieved by using the fluorinated polymer of
specific molecular structure (A) as the base polymer and
combining it with components (B) to (D) and optionally (E)to
formulate a gel composition.

EXAMPLE

Examples of the invention are given below by way of
illustration and not by way of limitation. All parts and % are

by weight.
Examples 1, 2 and Comparative Examples 1 to 3

Perfluoropolyether based gel compositions as shown in
Table 1 were prepared using the following materials.

Polymer A
C H;

F—C—N—(CH2)3—Sl—CH—CH2

o

An average of m+n is 95.

Polymer B
CH;3

Si— CH=CH,

F CFCFZO CF—C—
O

An average of'y is 24.

CH;

Polymer C
CHj3
Si— CH=CH,

CH;



US 9,221,968 B2

17

An average of m+n is 97.
Polymer D

CF;0—(CF,CF,CF,0),—C,Fs
d=27

Hydrogensiloxane A

CH; CH;

H (CH,),—Si N—C—Rf

H;

Rf: F ClF—CFZ—O TF—, n=24
CF3 CF3
n

CH;

CH; CH; CH;

(HSi(CH,))38iCH,CHSi((CHy)2 SiH ) ((CH,)» SiCH,CHy—Si
CH; CH;

CH; CH;

Rf: F— (CFCF,0),—CF—, n=24

CF; CF;

Curing Catalyst:

toluene solution of platinum-divinyltetramethyldisiloxane
complex (platinum content 0.5%)

40

Cure Regulator:
50% toluene solution of ethynyl cyclohexanol

Each of the gel compositions was cured at 150° C. for 1 45
hour. The cured gel mass was measured for hardness or pen-
etration according to JIS K 2220 and tested for acid resistance
by the following methods. The results are also shown in Table

1.
Acid Resistance Test/Conc. Sulfuric Acid (Weight Change)

A glass vial of 32 mm diameterx15 mm was charged with
20 g of the composition, which was cured at 150° C. for 1
hour. The sample was immersed in 98% conc. sulfuric acid at
40° C. for 1,000 hours. A weight change before and after
immersion was measured.

Acid Resistance Test/Conc. Sulfuric Acid (Appearance)

A glass vial of 32 mm diameterx15 mm was charged with
20 g of the composition, which was cured at 150° C. for 1
hour. The sample was immersed in 98% conc. sulfuric acid at
40° C. for 1,000 hours. The outer appearance of the sample
after immersion was rated according to the following crite-
rion.

55

[

0

O: no change
A: little change (partly dissolved)
x: marked change (fully dissolved)

65

18
Acid Resistance Test/Conc. Nitric Acid (Physical Change)
A glass vial of 32 mm diameterx15 mm was charged with
20 g of the composition, which was cured at 150° C. for 1
hour. The sample was immersed in 60% conc. nitric acid at

Hydrogensiloxane B

CH; CH;

N—C—Rf

|
(6]

Rf: F TF—CFZ—O TF—, n=24
CF; CF3
n

H (CH,),—Si

Hydrogensiloxane C

40° C. for 2,000 hours. A penetration was measured before
and after immersion.

TABLE 1

Comparative
Example 1 Example2 Example 1

Formulation Polymer A 51 29 39
(parts by Polymer B 49 21 11
weight) Polymer C
Polymer D 50 50
Curing catalyst 0.06 0.06 0.06
Cure regulator 0.12 0.12 0.12
Hydrogensiloxane 19.7 9.5
A
Hydrogensiloxane 12.5
B
Hydrogensiloxane
C
Penetration 61 58 59
(as heat cured @150° C./1 hr)
Acid resistance Weight change 0% 0% 0%
test in sulfuric ~ Appearance O O O
acid @40° C./
1000 hr
Acid resistance Penetration 39 42 18
test in nitric Penetration 22 16 41

acid @40° C./
2000 hr

change after test
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TABLE 2
Comparative Comparative
Example 2 Example 3
Formulation Polymer A 26
(parts by weight) Polymer B 24 20
Polymer C 30
Polymer D 50 50
Curing catalyst 0.06 0.06
Cure regulator 0.12 0.12
Hydrogensiloxane A 9.1
Hydrogensiloxane B
Hydrogensiloxane C 12.9
Penetration (as heat cured @150° C./1 hr) 60 58
Acid resistance Weight change -100% -100%
test in sulfuric Appearance X X
acid @40° C./1000 hr
Acid resistance Penetration 36 38
test in nitric Penetration change 24 20
acid @40° C./2000 hr  after test

Japanese Patent Application No. 2014-074342 is incorpo-
rated herein by reference.

Although some preferred embodiments have been
described, many modifications and variations may be made
thereto in light of the above teachings. It is therefore to be
understood that the invention may be practiced otherwise
than as specifically described without departing from the
scope of the appended claims.

The invention claimed is:
1. A curable perfluoropolyether based gel composition
comprising
(A) a linear fluorinated polymer containing at least two
alkenyl groups per molecule, represented by the formula

(1):

M

R! R!
| Il Il |
CH2=CH—?i—R2—N—C—Rf1 —C—N—RZ—?i—CH=CH2
RIR3 R® R3 RPR!
R3 R} R3 R3

R? R?

wherein R! is each independently vinyl or C,-C, alkyl, R? is
each independently C,-C, alkylene, R? is each independently
hydrogen or optionally fluorinated C,-C, alkyl, and Rf* is a
perfluoroalkylene group or divalent perfluoropolyether struc-
ture-containing group,

(B) a polyfluoromonoalkenyl compound containing one
alkenyl group per molecule and having a perfluoropoly-
ether structure in its backbone,

(C) a cyclic organohydrogenpolysiloxane having at least
two silicon-bonded hydrogen atoms and at least one
perfluoroalkyl group or perfluoropolyether structure-
containing group per molecule, represented by the for-
mula (2):

w
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@
Ay
?iO ?iO
4 4
LA R 1

wherein Rf? is a perfluoroalkyl group or monovalent perfluo-
ropolyether structure-containing group, R* is each indepen-
dently a C,-C,, monovalent hydrocarbon group, R® is a
C,-C,, divalent hydrocarbon group which may contain an
ether bond, amide bond, carbonyl bond, silyl radical or ester
bond, k is an integer of 2 to 4, 1 is an integer of 1 to 3, and k+1
is 5, and

(D) a hydrosilylation reaction catalyst.

2. The curable perfluoropolyether based gel composition of
claim 1 wherein component (C) is a hydrogenpolysiloxane of
the following formula:

CH; CH;

| |
}|I (CHZ)Z—?i N—ﬁ—?F O—CFZ—?F F
(SiO)4—%iO CH; O CF; CF3/,
éH3 CH;
wherein L is an integer of 1 to 200.
3. The curable perfluoropolyether based gel composition of
claim 1, further comprising (E) at least one perfluoropoly-

ether compound selected from the general formulae (3) to (5):
A-O—(CF,—CF,—CF,—0) s A (3)

wherein A is a group: C,F,,,,—, d is an integer of 1 to 500, e
is an integer of 1 to 3,

A-O—(CF,—0)~(CF,—CF,—0);,-A 4

wherein A is as defined above, f and h each are an integer of
1 to 300,

5
A—O0—(CF,—0),—(CF—CF,—0),— A )

CFs3

wherein A is as defined above, i and j each are an integer of 1
to 300.

4. The curable perfluoropolyether based gel composition of
claim 1 which cures into a mass having a penetration of 1 to
200 according to JIS K 2220 or ASTM D-1403.

5.The curable perfluoropolyether based gel composition of
claim 1 which cures into a mass that shows a residual solid
content of at least 90% by weight after it is immersed in conc.
sulfuric acid (98%) at 40° C. for 1,000 hours, and a penetra-
tion change of up to 25 after it is immersed in conc. nitric acid
(60%) at 40° C. for 2,000 hours.

6. A gel product comprising a cured mass of the curable
perfluoropolyether based gel composition of claim 1.

7. The gel product of claim 6 which is suited for use in
automobiles, chemical plants, inkjet printers, semiconductor
fabrication lines, analyzers, scientific instruments, medical
instruments, aircraft, or fuel cells.
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